We present preliminary orbital elements for the four interferometric binary star systems WDS 01017+2518, 02262+3428, 02442À2530, and 11268À5310. For all stars these are the first orbits that have been published. The data are accompanied by uncertainty estimates, residuals, and ephemerides, as well as dynamical parallaxes and individual star masses. In all four cases regular observations within the coming years are encouraged to test the orbital solutions.
INTRODUCTION
We present results on preliminary orbital calculations of the four visual binary star systems WDS 01017+2518 (HD 6009), 02262+3428 (HD 15013), 02442À2530 (ADS 2098, HD 17134) , and 11268À5310 (HD 99574) . As yet, no orbits have been published. We have calculated the orbital elements by using Docobo's method (Docobo 1985) , which was recently summarized in Docobo et al. (2000) . The observations were taken from the Fourth Catalog of Interferometric Measurements of Binary Stars, 3 jointly published by the US Naval Observatory and the Center for High Angular Resolution Astronomy. We use mainly interferometric data, except for cases in which micrometer data help in lengthening the observed arc. No corrections were applied to the observations.
ORBITAL ELEMENTS AND MASSES

Method of Orbital Calculations and Base Point Selection
Since the stars we have investigated cover only small or severely interrupted orbital arcs, they are not sufficient for definite orbital calculations. Docobo's method may succeed in such difficult cases. It uses three base points, which have to be chosen carefully where the observational data seem most reliable, and allows reasonable geometric intrapolation. In addition to this premise, we also tried to cover as much of the observed arc as possible. This may let the area around a single observation represent a base point without additional observational coverage.
These three base points generate a family of Keplerian sets of elements, with the eccentric anomaly difference of base points three and one, V, as a free parameter. For each set of elements positions are computed using all observation epochs. This allows us to compare the prediction of the given set of elements with the actual observation by calculating observed minus computed residuals (O À C ). An rms of the O À C residuals for the apparent distance and the position angle indicates the quality of the solution. The true orbit is supposed to be represented best by the set of elements with smallest rms in and .
A first quality check of the base points and the resulting orbital elements can be accomplished by looking at the O À C residuals. If there is a constant offset or residuals show certain trends, the base points force the shape of the orbit toward an ellipse that is either too large or too small. Therefore, the base points need to be corrected to guarantee both small residuals and no trends. Proceeding this iterative way also helps to reduce negative selection effects coming from base points around single observations.
Because of imperfect base points, the minima for rms and rms do not have to be located at the same parameter V. As a compromise a set of elements around the minima is selected considering both rms developments and observational sufficiency. Since the range of elements between the different rms minima represents the uncertainty in base points and thus the uncertainty of the observations, it can be used to roughly determine the uncertainty of the orbital solution. Although this is not theoretically perfect, it seems to be the best approach for such an indefinite method of orbit computation, and it is a good way of replacing formal errors from definite calculation methods (see Tamazian et al. 2002) . Given these approximations, we consider the orbital elements to be preliminary.
Resulting g Orbits
All available interferometric data, as well as residuals from orbital calculations for each observation, are listed in Table 1 . As a first step three base points were carefully selected for each of the binary systems where the observational positions seem most accurate with respect to instrumentation, data density, or critical arc coverage. Solid calculations are possible using base points as presented in Table 2 . Resulting orbital elements with errors according to the discussion in x 2.1 are available in Table 3 , although errors for WDS 11268À5310 are omitted (see x 3.4). On the basis of our calculations we computed ephemerides for each of the four binary systems from 2004.0 to 2012.0. The data are listed in Table 4 .
Dynamical Masses and Parallax
Once the orbital elements are calculated, it is possible to determine the mass for each individual star and the dynamical parallax of the whole system. For this purpose we used the Baizé-Romani algorithm (Baizé & Romani 1946) . Values for the free parameters in the absolute bolometric magnitude M bol to mass m relation are adopted from Reed (1984) . The dynamical parallax for each system was compared subsequently with the Hipparcos parallaxes to verify orbital calculations for HD 6009, HD 15013, and ADS 2098. In the case of HD 99574 no independent determination of dynamical masses and parallaxes could be accomplished. Furthermore, we used observed parallax and mass estimates from spectral observations to restrict orbital solutions from a wide range of elements satisfying low O À C residuals (cf. x 3.4). It has to be noted that this method of computing dynamical parallaxes and masses bears some problems. Since the algorithm depends on the absolute values of apparent magnitude for at least one of the stars, we take the average of B-and V-band magnitudes as representatives. The magnitudes for primary stars given in Table 5 are taken from the CDS database, while the brightness of the secondary is calculated from the magnitude difference measured by Hipparcos (Perryman 1997) . Because of these assumptions and given the preliminarity of the orbital elements, it is difficult to provide reliable error bars, and we thus omit them in the table. On the basis of the weight of the errors for magnitudes, a and P in the Baizé-Romani algorithm, we estimate the parallaxes and masses to be accurate to within 10%-15%.
DISCUSSION OF INDIVIDUAL OBJECTS
WDS 01017+2518 (=HD 6009)
The first interferometric measurements of HD 6009 originate from 1991 Hipparcos data, which were not published until 1997 (Perryman 1997) . Follow-up observations are available from 1998 (Balega et al. 2002 ), 1999 (Balega et al. 2002 Mason et al. 2001; Horch et al. 2002) , and 2000 (Horch et al. 2002) . In particular, the rapid development of 135 in position angle and a clear change in the sign of Á provide very good coverage over a geometrically interesting part of the orbit. The first and last base points were selected at the epochs of the first and last observation, respectively, to cover an arc as long as possible, while the second base point was averaged around the three observations in late 1999.
First speculations about the orbit come from Balega et al. (2002) . Apart from indicating that their observations could not have been resolved for the 180 ambivalence in position angle (see Table 1 ), they also estimated the period to be around 14 yr. Our calculations show a unique solution for P $18 yr. The dynamical parallax based on these orbital elements also coincides with the Hipparcos parallax. A nonobservation report of the secondary star by Mason et al. (1999) at epoch 1997.7206 with an upper limit of < 0B065 can be explained by the stars being separated by only 0B055 at position angle 272N5. We want to note, however, that our solution depends on the accuracy of the 1991 Hipparcos observation. A significant error in this observation may lead to different elements. We encourage further monitoring of the system. Spectral data taken from the CDS database indicate that the system was measured to be of class G8 IV. Although the Baizé-Romani algorithm is valid only for main-sequence stars, the stellar masses of 1.6 and 1.5 M , respectively, seem to be a good approximation for these G subgiants.
WDS 02262+3428 (=HD 15013)
HD 15013 is a dynamically interesting system. As for HD 6009, the binarity was first detected by Hipparcos (Perryman 1997) . Additional measurements were published for 1997-2000 by Horch et al. (1999 Horch et al. ( , 2002 , for 1998 by Balega et al. (2002) , and for 2001 by Mason et al. (2004) . It has been noted by Horch et al. that their 1999 and 2000 data seem to be inconsistent with measurements from 1997-1998 by themselves and others.
Base points were chosen along the 1997-2000 observed arc where there is at least one position available per year. During this time the changes in position angle and apparent distance are large enough to allow sufficient calculations. The first and third base points represent the maximum length of the arc; the second one was averaged in the observationally well-covered time between 1998.77 and 1998.92 where three positions are available. Choosing base points this way also allows error modeling for the isolated 1991 Hipparcos data point.
Orbital calculations show that there are two possible solutions for the binary when changing the quadrants for 1999-2000 observations and also adapting the 1991 quadrant: one with P $ 6 yr for 1991 ¼ 177 and the other leading to P $ 11 yr with 1991 ¼ 357 . Although residuals for both solutions are quite similar, comparing the dynamical parallax with the observed one by Hipparcos clearly favors the longer periodicity (see Table 5 ). Further confirmation comes from spectral data, since single star masses of $0.8 M calculated from our orbital elements agree with spectral observations of an unresolved G5 star. However, we strongly encourage further observations, especially from 2007 to 2008 when the system is expected to show fast developments in both apparent distance and position angle.
WDS 02442À2530 (=ADS 2098, HD 17134)
This system was observed by Finsen from 1964 to 1967 using visual interferometry (Finsen 1963 (Finsen , 1964 (Finsen , 1965 (Finsen , 1966 . Other observations were accomplished by Hartkopf et al. around 1990 (Hartkopf et al. 1993 , 1996 , as well as an isolated position from 1978 reported by Heintz (1980) . Given the absolute values and and the changes in positions Á and Á, it is clear that the system was observed at the very same sector of its orbit by Finsen and Hartkopf. Therefore, it must have performed a number n of full revolutions between both arcs.
Base points were chosen in such a way that more weight is given to the speckle data by Hartkopf et al. than to Finsen's visual interferometric observations. Therefore, the second and third base points come from the last revolution while only the first base point was selected from the 1960s arc, which covers a longer part of the orbit, however. The 1978 data point was not considered as a base point because of problems described in the next paragraph.
From a first inspection of the positions it is clear that the 1966.02 data point reported by van den Bos must be in error, We therefore considered the quadrant to be rotated by 180 and tried further calculations with the corrected data point. This leads to solutions where the 1978 position angle somehow matches but the apparent distance is still way off. In addition, the overall position angle residuals grew significantly. Adjusting base points did not solve the problem. Having a look at the different revolutions of the 1960s and $1990 and classifying the 1978.97 epoch shows that it must either be on the opposite side of the orbit relative to the other observations (in the case of position angle ¼ 13N1, n ¼ 1 revolutions and orbital period P $ 27 yr) or around the same position as Finsen's 1965 and Hartkopf's 1991 data points ( ¼ 193N1, n ¼ 1, P $ 13:5 yr). The latter case collides with the other data, since no orbital solution can be found; the former case shows a large observational difference compared to the other revolutions and way-off calculated residuals, especially in apparent distance. Given these problems, we found that in the original publication by Heintz et al. this star-ADS 2098-was referred to as 02398À 25 although its actual WDS number is 02442À2530. This discrepancy seems to be larger than can be explained by changing FK4/ FK5 systems or considering proper motion. We therefore decided not to include the 1978.97 data point in the determination of orbital elements.
Calculations without the 1966.02 and 1978.97 observations show a clear minimum of the observed rms values for and for an orbital period of P $ 27 yr, which corresponds to n ¼ 1. The orbit is confirmed by mass estimates with respect to spectral data and comparison of Hipparcos and dynamical parallaxes.
WDS 11268À5310 (=HD 99574)
A number of observers have reported micrometer observations of this system in the first half of the 20th century from 1911 through 1941, including R. T. A. Innes (1913 , 1948 , and date unknown, private communication), van den Bos (1928 , 1929 , 1930 , 1949 , 1961 , Voute (1932), and Simonov (1951) . At that time the stars were separated by !0B3. In the 1950s-1960s W. S. Finsen interferometrically measured HD 99574 on a yearly basis and confirmed the slow change in both apparent distance and position angle from the micrometer observations ( Finsen 1951 ( Finsen , 1953 ( Finsen , 1954 ( Finsen , 1956 ( Finsen , 1958 ( Finsen , 1959 ( Finsen , 1960 ( Finsen , 1961 ( Finsen ,1962 ( Finsen , 1963 ( Finsen , 1964 ( Finsen , 1965 ( Finsen , 1966 ( Finsen , 1967 ( Finsen , 1969 . However, it was not possible to determine the orbit unambiguously. Further observations were made by different groups from 1989 to 1993 (McAlister et al. 1990; Hartkopf et al. 1993 Hartkopf et al. , 1996 Perryman 1997) . The resulting orbital arc of these later observations clearly shows changes in the trend of motion compared to Finsen's data, and one might suggest that the periastron passage occurred somewhere in the 1970s or early 1980s.
Orbital calculations were somehow difficult, in the sense that there is a large uncertainty due to the large deviations of the micrometer observations and a probable high eccentric orbit (e $ 0:8). We decided to select base points in such a way as to give special weight to the interferometric data and fitting the micrometer observations only by residuals. By placing the first and second base point at the beginning and end of Finsen's data and the third in the speckle observations, we achieved the best results. An unambiguous solution, however, was not possible, since a large and somehow uncertain e leads to high uncertainties in P and a. In addition, the family of Keplerian orbits showed weak gradients in their rms course. An additional problem is some kind of inconsistent development of the apparent distance in Finsen's data. This cannot be explained by a parallax effect, since the epochs of all the 1950s and 1960s data are around the same time of year. It also affects the fit of the speckle data, which seem to have a systematic deviation, but this could also be an effect of few data points and regular errors. Furthermore, this trend is opposed to the offset in position angle of the micrometer observations, which seem to be systematically too large. However, trying to diminish them results in larger errors for the apparent distance of the speckle data.
To get an idea of the binary's orbit we take the information from spectral observations and Hipparcos parallax measurements into account. Thus, physical data listed in Table 5 for HD 99574 are not determined independently but as a result of the selection process in which the information about the stars' physical parameters is already included. The orbit that we present in Table 3 represents the minimum in rms , as well as a good fit to the physical data. It has to be noted that orbits with higher e, and thus higher P and a, lead to higher residuals in apparent distance, while overall residuals in position angle become slightly smaller and the orbit would still be consistent with the observed Hipparcos parallax. Given all the problems, the orbit must be considered as very preliminary. 
